The sweet protein monellin consists of two noncovalently associated polypeptide chains, the A chain of 44 amino acid residues and the B chain of 50 residues. The [Asn22, Gin25, Asn26]-A chain, an analogue of the A chain, was synthesized by the stepwise Fmoc-solid-phase method in an overall yield of 13.4%. In an attempt to deduce the mode of interaction between sweet peptides and the receptor, we have synthesized a number of sweet peptide analogues.1} However, it is difficult to deduce this mode of the interaction, since peptides can assume a variety of conformations in water. We, therefore, began ef- at positions 49 and 50 were different from those of natural monellin, in which they were Glu and Asn, respectively.7)
chain-monellin in a yield of 26.2%. This synthetic monellin analogue was approximately 550 times sweeter than sucrose. Changing the carboxyl groups of Asp22, Glu25 and Asp26 of the A chain to amide groups significantly decreased the sweetness potency. Crystallization was performed by a vapor diffusion method.
In an attempt to deduce the mode of interaction between sweet peptides and the receptor, we have synthesized a number of sweet peptide analogues.1} However, it is difficult to deduce this mode of the interaction, since peptides can assume a variety of conformations in water. We, therefore, began efforts to employ sweet proteins as tools for studying the modeof interaction, since proteins are generally of much-reduced conformational mobility. The binding site of a sweet protein maybe determined by studying structure-taste relationships of the sweet protein. The three-dimensional structure of the binding site may be then determined by an X-ray analysis of the sweet protein. The modeof interaction between the binding site and the receptor can be deduced from these results. As the tool, we chose the sweet protein monellin. 2'3) The sweet protein monellin has been isolated from the fruit of the West African plant, Dioscoreophyllum cumminsii (Stapf) Diels, and is 3000 times sweeter than sucrose.2?3) Monellin consists of two noncovalently associated polypeptide chains, the A chain of 44 amino acid residues and the B chain of 50 residues. 3157 Two different primary structures had been reported for each of them.4"6) Very recently, we determined the amino acid sequences of the A and B chains.7) As a first step to study the structure-taste relationship of monellin, in our previous pa- column to give the pure A chain (Fig. 2B ) in an overall yield of 13.4%, based on the amino acid content of the starting Fmoc-Pro-resin. The purity of the peptide was further confirmed by analytical HPLC, fast-atom bombardment (FAB) mass spectrometry, a quantitative amino acid analysis after hydrolyzing in constant-boiling HC1containing 1% phe- was monitored at 210nm. ever, it could not be confirmed whether some of these residues participated in binding to the receptor. Afurther study on replacing the amino acid residues is in progress.
The synthetic monellin analogue was crystallized by the "hanging drop" vapor diffusion method (Fig. 5 ).
Experimental
The protected amino acids were obtained from Kokusan Chemical Works Ltd., Bachem Feinchemikalien AG or Novabiochem AG. Fmoc-Pro-OCH2-C6H4-OCH2-resin was purchased from Bachem Feinchemikalien AG. Fmoc-Pro-Pro-OH was left over from a previous work. 8 at room temperature for 15 min. Coupling was performed 3161 for 90min. For residues 9 and 8, the monitoring data from the Kaiser test indicated that a second coupling was necessary. Thus, these two residues were further coupled by the DCC/HOBt (in NMP) method under the conditions already described. Coupling was performed for 2 hr while shaking, and then the mixture was kept standing overnight. The solution (400/zl) was loaded onto a preparative HPLCcolumn, and eluted with 0.05% aqueous TFA and acetonitrile containing 0.05% TFA under a linear gradient of 20% to 33% acetonitrile obtained in 30min at a flow rate of 9ml/min. The analytical HPLCelution profile is shown in Fig. 2A . This procedure was carried out 22 times to purify the whole amount of the peptide (820mg), the fractions being checked by analytical HPLC. The fractions of the main peak were collected, pooled, concentrated to a small volume under reduced pressure, and lyophilized to give 102.6mg of the A chain analogue. The peptide (102.6mg) was dissolved in 2ml of 20% aqueous acetonitrile containing 0.05% TFA. The solution (200 /il) was loaded onto the same column and further purified under the same conditions as those just described. This procedure was carried out 10 times to purify the whole amount of the peptide (102.6mg). The pure fractions were collected, pooled, concentrated under reduced pressure, lyophilized, and dried over NaOH pellets in vacuo. Overall yield, 88.2mg (13.4%).
The analytical HPLC elution profile is shown in Fig. 2B .
Amino The rim of each well was coated with silicone grease, and the cover glass was put on the well in such a waythat a droplet faced the solution. In a typical run, a solution containing the protein (4mg/ml) in a 14% (w/w) solution of polyethylene glycol and 10mMphosphate buffer at pH 7.2 was equilibrated with a 28% (w/w) solution of polyethylene glycol and 10mMphosphate buffer at 4°C. Crystals appeared after 13 days (Fig. 5) . Nofurther attempt was madeto obtain better-shaped crystals. analogue. This solution was diluted with water to several concentrations (4, 5, 5.5 and 6 times), and the sweetness intensity of each was compared with that of the 0.6% sucrose solution. The solutions from the 4-and 5-fold diluted solutions were sweeter than the 0.6% sucrose solution. The sweetness intensity of the 5.5-fold dilution was almost equal to that of 0.6% sucrose, and the 6-fold dilution wasjudged faintly sweet or not sweet. These results indicate that the synthetic monellin analogue was approximately 550 times sweeter than sucrose, although no attempt was made to quantitate the sweetness potency.
